Abstract Arousal involves a physiological and psychological state of being awake or reactive to stimuli. It could be treated also as an energetic property of stimulation. On the basis of previous findings concerning affective state modulation of spatial processing, I predict that arousal impact will follow the Yerkes-Dodson law. To test this hypothesis, 135 words were chosen and divided into three levels of arousal (low, medium and high), whilst controlling for valence, concreteness, frequency of appearance and length. Forty-nine individuals performed a flanker task while reading the words in order to provide a measure of interference control over spatial processing. The accuracy of answers, reaction times and interference effect index were analyzed. It appears that, at the medium arousal level of words, arousal was optimal for interference control, while both low and high arousal impaired the cognitive control of interference caused by competing flanker and target stimuli features.
Introduction
Much of our visual cognition concerns space and position in relation to other objects (c.f., Lavie et al. 2004; Lavie and Dalton 2014) . Visual objects share many features that compete to create a perceptual representation of a word in our minds.
The interference between target and non-target object features was found to be responsible for some difficulties in visual processing (Eriksen and Eriksen 1974) . This is especially so when people are expected to react to specific types of objects, and inhibit their reactions to other, similar types of objects presented at the same time; interference processing costs then occur. This means that participants react slower or less accurately to visual stimuli that produce an interference in comparison to noninterfering objects.
The costs observed are thought to be manifestations of cognitive control, namely interference control (c.f., Nee and Jonides 2008) . defined as the ability to inhibit inaccurate cognitions or responses. In other words, this concept is relevant to both working memory function (cognitive inhibition) and motor control (response inhibition : Nigg 2000) . The degree of cognitive control exerted on a particular task appears to reflect not only the quality, but also the quantity of recent experiences of information-processing conflicts (Freitas et al. 2007) . It has been noted that interference control is sensitive to the affective states of individuals in the way that affect shapes the effectiveness of maintaining control over unwilling or unrelated-to-thetask stimulation (e.g., Melcher et al. 2012; Jefferies et al. 2008; Kuhbandner and Zehetleitner 2011; Van Steenbergen et al. 2010 ). An affective state can be described as existing in two-dimensional, orthogonal space, in which valence and arousal constitute each (core) affective state (c.f., Brunyé et al. 2009; Russell 2003) . Valence represents unpleasant vs. pleasant feelings towards our state at a particular moment. Arousal describes an energetic side of an affective state at a particular time and is sometimes referred to as intensity or energy level. This energy expresses the degree of excitement or activation an individual feels toward a given stimulus (Montefinese et al. 2014) . thus, arousal level could be treated as the property of a stimulus that influences the current affective state, which varies from calm to completely excited (Russell 2003) . Factors of valence and arousal were found in the semantic differential approach (Osgood et al. 1957) to understanding emotional reactions to stimuli, as two of the three most important attributes responsible for understanding of affective meaning. Kuhbandner and Zehetleitner (2011) found that both dimensions produce an independent effect on executive control; thus, it is a good strategy to investigate them separately to avoid situations when a single, more pronounced dimension will overwhelm the effects of the less salient one. Valence was found to modulate interference control both in flanker tasks (Melcher et al. 2012; Van Steenbergen et al. 2010) and emotional Stroop tasks (c.f., Nigg 2000; McKenna and Sharma 2004) . however, at the same time, arousal was found to modulate processing in those tasks (e.g., Larsen et al. 2006) . Russell (2003) stated that core affect was influenced by each object that was charged by valence and arousal; thus, simply watching the affectively charged materials should change the current affective state for a moment (Bojarska 2013 ). According to Yerkes-Dodson's law (1908) . it is likely that energy load (arousal) should influence interference control. This law describes the relationship between energetic aspects of functioning described as motivation, arousal or excitement, and performance. The energy (arousal) should interplay with performance in a quadratic fashion. This means that, both for low and high energy load states, performance is poor, while, in the case of optimal or medium energy levels, we may observe peaking performance. Because of this, it is important to provide at least three levels of arousal to test the quadratic relationship.
Aim and Hypothesis
Arousal was found to be the crucial dimension engaged in many psychological processes: from attention control in a rapid visual sequence (Jefferies et al. 2008) to negotiation (Brown and Curhan 2013) . Also, executive control was found to be sensitive to arousal level (Kuhbandner and Zehetleitner 2011) . working independently of valence. The aim of this paper is to answer the question of whether merely reading verbal material differing in arousal quality could influence the ability to control the interference of features of visual objects presented close to the target object. To measure interference, I decided to use flanker stimuli perceptual competition in a flanker task (Eriksen and Eriksen 1974) . Although previous studies using two levels of arousal (Van Steenbergen et al. 2010) failed to report arousal effects on flanker task performance, I expected that arousal would modulate participants' ability to control visual competition in a way that follows Yerkes-Dodson's law (1908) . I expected that both low and high arousal words would lead to less effective performances in comparison to medium arousal words; thus, one had to choose at least three levels of arousal to search for its consequences for behavior. Otherwise, it would be possible to discover negative results just because chosen arousal levels were equally distanced from the optimal level in a reversed U-shaped function, as described by Yerkes and Dodson (1908) .
Method Participants
Sixty participants (30 females and 30 males) aged from 18 to 26 (M = 21.46, SD = 1.93) were invited to join the study and participated voluntarily in exchange for small gifts. The sample size was determined in advance as 60 participants. All were native Polish language speakers and had normal, or corrected to normal vision. They were students at different Warsaw universities and colleges in equal proportions of humanities, social, life, and natural and engineering sciences. Data from 11 individuals were excluded from further analysis; six individuals were excluded due to their performance rate of about 0.5 accuracy and another five due to non-compliance with the instructions, or technical problems with recorded data files. Finally, data from 49 participants (24 females and 25 males) aged from 18 to 26 (M = 21.59, SD = 2.01) were analyzed.
Materials Emotional Quality of Words
A list of 135 Polish nouns (3 × 45 words) with known affective qualities was chosen to develop a manipulation allowing to contrast three distinct arousal levels. Words were chosen from among 4905 words introduced by Affective Norms for Polish Words Reloaded (Imbir, submitted) , the new normative study for large sets of verbal stimuli. The affective norms of words on this list were determined using a methodology similar to that used in a previous pilot study of affective norms for 1586 words (Imbir 2015) . Correlations in ratings for smaller and bigger lists for words included in both were huge and significant (valence r = 0.97, arousal r = 0.8 and subjective significance r = 0.77); thus, these new norms are reliable. For each dimension measured in ANPR_R (Imbir submitted), participants in the normative study (a different group from the sample invited for the current study) assessed their first impression of each word with respect to a number of affective dimensions using a nine-point Likert Self-Assessment Manikin (SAM; Lang 1980) . These data were used to select words in three arousal load categories: (1) words that induced a small arousal level, M = 3.22, SD = 0.24; words that induced a moderate arousal level, M = 3.85, SD = 0.28; and words that induced a high arousal level, M = 4.87, SD = 0.41. This approach allows to choose three small intervals from a whole continuous scale of arousal intensity. Those intervals were distinct from one another and separated by unchosen levels of arousal, thus providing an opportunity to inspect consequences of three points on cognitive control. In selecting the words, I controlled for other factors that might influence the scope of attention and flanker task performance, such as valence, concreteness, subjective significance and lexical properties such as frequency in Polish (Kazojć 2011) or number of letters (word length). The levels of those dimensions were moderate and chosen to be equal for each of three arousal categories. The full list of words used, together with their English translations as well as their affective ratings, are included in Appendix.
A one-way ANOVA with arousal (three levels) as the between-subjects factor was used to check that the words chosen for the manipulation were appropriate. There was a main effect of arousal on arousal ratings: F(2132) = 305.53, p < 0.001, η 2 = 0.82. A simple contrast analysis confirmed the differences between the groups of weakly and moderately arousing words (F(1,88) = 128.48, p < 0.001, η 2 = 0.59) and between moderately and highly arousing words (F(1,88) = 190.22, p < 0.001, η 2 = 0.68). The huge η 2 values suggest that levels chosen were, in fact, distinct from one another.
Similar analyses of the effects of the controlled factors revealed no main effect of arousal level group on valence (F(2132) = 1.47, p = 0.23, η 2 = 0.022; M = 5.26, SD = 0.61); concreteness (F(2132) = 0.027, p = 0.97, η 2 = 0.0001; M = 4.08, SD = 0.88); or subjective significance (F(2132) = 0.61, p = 0.55, η 2 = 0.009; M = 3.76, SD = 0.82) ratings. Word frequency data (Kazojć 2011) were natural logtransformed (c.f., Heathcote et al. 1991) as the data were rightskewed (words occurring only once in a wide range of Polish texts were over-represented in the data set). There was no main effect of arousal load groups in the case of word frequency (F(2132) = 1.24, p = 0.29, η 2 = 0.02; M = 6.38, SD = 1.67). There was also no main effect of arousal load in the case of word length (F(2132) = 0.58, p = 0.56, η 2 = 0.009; M = 6.36 letters, SD = 1.96).
These analyses confirmed that the manipulation words were sufficiently contrasted by three distinct categories of arousal load and were well matched, as they did not differ systematically with respect to other factors that might influence scope processing in flanker interference tasks such as frequency of appearance, word length, valence, concreteness and subjective significance. Any category differences could confidently be attributed only to the intended arousal manipulation.
Flanker Task
The competition of accompanying object features in vision is the scope of interest of cognitive psychology focusing on understanding visual scene perception. The simplest measure of this phenomenon is provided by the classical flanker task (Eriksen and Eriksen 1974) . introduced to measure a slowing of responses to central, target stimuli caused by flanker congruent and incongruent accompanying stimuli. In the current study, a computerized version of the flanker task was used, involving the detection of the appearance of the letter N whilst ignoring the letter H. The target letter (N or H) was displayed in the middle of the screen. The task was to answer the question: 'Is the central letter N?' by pressing one of the keys labeled 'Yes' and 'No'. The target letter was flanked by four other letters (two on the right and two on the left), which were the same as the central letter in the congruent trials, and different in the incongruent trials. Both letters N and H share several similar perceptual features (c.f., Eriksen and Eriksen 1974) . thus, this version of the task is most sensitive to visual competition. Visual competition concerns the spatial distance of the flanker letter; for that reason, three levels of difficulty were applied. The most difficult conditions are those when the flanker letters are close to each other and the target letter, while the easiest conditions are when the target letters are distant. In the version of the test used, a high difficulty of the task was designated by placing flanker letters a distance of 4 % and 8 % of the screen length from the middle of the screen position (50 %) on the left and right. In the medium difficulty version, flankers were placed +/− 6 % and +/−12 % of the screen length, while, in the easiest conditions, they were placed +/− 8 % and +/−16 % of the screen length from the middle. Those parameters were chosen based on pilot study data.
The flanker task itself also provides two types of trials. In congruent trials, flanker letters are the same as the target letter (e.g., N flanked by N's, or H flanked by H's). In incongruent trials, the flanker letter is different than the target (e.g., N flanked by H's, or H flanked by N's). These types of trial allow us to measure cognitive control effects upon performance (c.f., Van Steenbergen et al. 2010) . Incongruent trials are harder for the participants because of visual interference; for that reason, reaction times are longer and response accuracy is smaller in incongruent trials (Eriksen and Eriksen 1974) . By subtracting accuracy or reaction times for congruent from incongruent trials, we can obtain conflict effect measures (Van Steenbergen et al. 2010) . Finally, the flanker task provides 'Yes' and 'No' expected answer trials with, respectively, N or H presented in the target position. Typically a 'Yes' answer is preferable for participants (c.f., Yes-bias: a tendency to saying yes for all appearing questions asked in psychological surveys, even when the probability of both answers is equal); thus 'No' key pressing was expected to require additional cognitive control.
Apparatus
A standard 17-in. laptop computer was used. The experimental protocol was designed using E-Prime 2.0 software. Participants answered using the computer keyboard with the keys designed to be active during the session marked by stickers.
Design and Procedure
The study was designed as a 3 (arousal of words) × 3 (task difficulty) × 2 (type flanker for the trial: congruent or incongruent) × 2 (type of expected correct answer: Yes or No) within-subject experimental design. All participants read all 135 words assigned to the three levels of arousal groups in a random order, and then, after each word, performed 135 trials of the flanker task, also presented in a random order (with N or H as the central letter, plus congruent or incongruent flankers). Each word from the list in Appendix appeared only once during the experiment; thus, in single cells of experimental schema, there was a mean expected value of 3.75 trials (words). Figure 1 presents single trial and types of flanker task variants.
The first step of the procedure comprised a simple perceptual task concerning the detection of a red dot appearing to the right or left of the fixation point. Each participant performed 135 trials of this task, which enabled the alignment of the participants' initial affective states. The practice session consisted of a single trial of the flanker task, designed to provide training for the task. Participants were instructed that, during the experiment, some words would appear for a brief moment (500 ms). There was no special instruction concerning the words, only simply to read them. The single experimental trial consisted of (1) a fixation cross displayed in the middle of the screen for a random time lasting from 425 to 800 ms (with increments of 25 ms). Then (2), a word was displayed for 500 ms, which was then replaced by (3) another fixation cross lasting a random time, from 175 to 375 ms (with increments of 25 ms). Finally, (4) the flanker task appeared (as described above). This task lasted until the participant responded, when it was replaced by the fixation point of the next trial. After all 135 trials of flanker task procedures had been completed, participants performed another unrelated task and completed questionnaires (not discussed here and that did not affect the results of this part of the study).
Data Treatment and Analytic Strategy
Data were gathered from a total of 6615 trials involving the 49 participants. Outliers were excluded (RT > 3SD (2180 ms) or RT < 250 ms, N = 58, no more than 0.8 % of all trials). The overall error rate was 3.7 %; the mean reaction time was 616 ms (SD = 238 ms). To test the hypotheses concerning flanker interference in the flanker task, I conducted a repeated measures ANOVA involving the following: 3 (arousal of words) × 3 (task difficulty) × 2 (type flanker for the trial: congruent or incongruent) × 2 (type of expected correct answer: Yes or No). First, I analyzed the response accuracy, then reaction times, and finally, using the interference effect index (see below), I conducted analyses concerning reaction times using logarithm natural transformation (ln) of reaction times. Each trial reaction time was transformed by ln, then data across conditions were aggregated. Logarithm natural transformation is a standard procedure for reaction time data allowing the analysis of right-skewed (c.f., Heathcote et al. 1991 ) distribution and using parametric statistics. The results, summarized in the Figures, are presented in raw form (ms).
To measure the cognitive conflict elicited by the congruent and incongruent trials, the interference effect index was assessed (c.f., Van Steenbergen et al. 2010 ) for response Fig. 1 Single trial of experimental procedure and types of flanker task trials, including task difficulty(3 levels), target and flanker congruency type (2 levels) and expected correct answer (2 levels) accuracy and reaction times using a formula in which the first symbol means target letter, while the second is a flanker: ((NH-NN) - (HN-HH) ). In other words, in the 'Yes' and 'No' trials, I subtracted the scores of the congruent from those of the incongruent trials, then subtracted the results of the 'No' from the 'Yes' conditions. The idea was to provide change measures by subtracting scores of the easiest from the hardest trials (c.f., Van Steenbergen et al. 2010) . Using this index, an additional repeated measures ANOVA was conducted involving the following: 3 (arousal of words) × 3 (task difficulty) factors.
Results

Response Accuracy
Taking into account response accuracy, I found no statistically significant main effect of arousal level: F(2,47) = 0.85, p = 0.43, η 2 = 0.035, but a significant main effect of flanker distance: F(2,47) = 6.14, p = 0.004, η 2 = 0.21. In the case of close distracters presentation, the mean response accuracy was M = 0.95 (SEM = 0.006); for medium distracters presentation, 
Natural Logarithm of Reaction Times
Regarding the ln of reaction times, I found a statistically significant main effect of arousal level: F(2,47) = 4.56, p = 0.015, η 2 = 0.14. In the case of low arousal words, the response time was M = 620 ms (SEM = 15 ms); for medium arousal words M = 609 ms (SEM = 16 ms); and in high arousal words M = 629 ms (SEM = 18 ms). Polynomial contrast showed a quadratic relationship: F(1,48) = 8.41, p = 0.006, η 2 = 0.15. Difference contrast analysis showed slightly significant differences between low and medium arousal words (F(1,48) = 3.47, p = 0.061, η 2 = 0.071) and significant differences for the medium and high arousal word groups (F(1,48) = 5.16, p = 0.028, η 2 = 0.15). I found no statistically significant main effect of distracters' distance: F(2,47) = 2.09, p = 0.135, η 2 = 0.082. I found a statistically significant main effect for type of answer expected: F(1,48) = 17.14, p = 0.001, η 2 = 0.263. Expected 'Yes' trials took participants less time (M = 607 ms (SEM = 16 ms)) than expected 'No' trials: M = 631 ms (SEM = 16 ms). I found a statistically significant main effect of trial congruency: F(1,48) = 26.82, p = 0.001, η 2 = 0.36. Congruent trials took participants less time to answer (M = 608 ms (SEM = 16 ms)) in comparison with incongruent trials: M = 630 ms (SEM = 17 ms). No significant interaction between factors analyzed was found; thus, I do not present them here. Figure 2 presents the pattern of results for the different levels of arousal groups.
Interference Index
Taking into account the interference effect index for the accuracy of answers, I conducted a 3 (arousal of words) × 3 (task difficulty) repeated measures ANOVA. The type of expected answer ('yes' vs 'no') and congruency type of trial (congruent vs incongruent) were included in the interference index formula (c.f., Method section). I found a statistically significant main effect of arousal level: F(2,47) = 3.7, p = 0.032, η 2 = 0.136. In the case of low arousal words, the index ratio was M = −0.037 ms (SEM = 0.014); for medium arousal words, M = 0.009 (SEM = 0.017); and in high arousal, M = 0.019 (SEM = 0.017). Polynomial contrast showed a linear relationship: F(1,48) = 6.71, p = 0.013, η 2 = 0.123. Difference contrast analysis showed significant differences between low and medium arousal words (F(1,48) = 4.9, p = 0.032, η 2 = 0.093) and a weakly significant difference between medium and high arousal words (F(1,48) = 3.36, p = 0.073, η 2 = 0.065). I found no statistically significant main effect of distracters' distance (F(2,47) = 0.72, p = 0.5, Fig. 2 Reaction times (ms) for groups of words differing according to arousal load. Error bars represent SEM η 2 = 0.03). I found no interaction between arousal and distance factors, and no significant effects were found in the case of the interference effect index calculated for reaction times. Figure 3 presents the pattern of results obtained for the different levels of arousal groups.
Discussion
The current study demonstrated that reading of words differing in arousal level could influence the processing speed, as well as the interference effect index derived from the response accuracy of the flanker task engaging visual competition. I expected that the arousal level impact on interference control would follow Yerkes-Dodson's law (1908) . According to this law, both low and high levels of activation disturb performance, while medium and optimal levels enhance it. The data obtained were consistent with Yerkes-Dodson's law. In fact, stimuli of medium arousal load presented to participants resulted in the shortest reaction times and close to a zero interference effect index for response accuracy. Both low and high arousal words were associated with a lengthening of reaction times and a distancing from a neutral interference effect index. Response latencies in this task represented the difficulty for interference inhibition of competing letter features. This claim was supported by the main effect of congruency of target and flanker stimuli. Incongruent trials of higher interference were processed longer than the congruent trials. This result corresponded with that of Chajut et al. (2009) . In this sense, low and high arousal disturbed interference, probably making it hard to maintain in high-arousal conditions, or hard to achieve in low arousal conditions.
Although there was no arousal effect on response accuracy, it appeared that, by using the interference effect index (c.f., Van Steenbergen et al. 2010 ) on this data, we could see some interesting relationships. The construction of an interference effect index provided us with a measure of relative interference (see Data Treatment and Analytic Strategy). It was rather obvious that incongruent trials stimulated more interference than congruent ones. Subtracting one from the other, we found more differences attributed to the flanker stimuli competition. Furthermore, interpreting the higher error rates and quicker answers given, I found that 'Yes' answers were more expected by participants than 'No' answers (simply 'Yes' answer was dominant while 'No' required additional cognitive control to appear, which could be related to so-called 'Yes bias'). By subtracting mere interference in the 'No' from the 'Yes' conditions, we could identify the conditions in which interference was stronger. If the index value was negative, trials with the target H letter requiring a 'No' answer produced higher interference. In the opposite situation, when the index value was positive, trials with the target N letter requiring a 'No' answer produced higher interference. As can be seen in Fig. 3 , low arousal words strengthened interference in the 'No' trials, whereas high arousal words strengthened interference in the 'Yes' trials. Both were distant from point zero, indicating no interference, as can be seen in association with the medium arousal words. This pattern of results was partly represented in the study by Van Steenbergen et al. (2010) . The experimental schema used by the authors represented only two levels of arousal; they found that the highest index value was associated with accuracy in the group of participants showing anxiety (low pleasure and high arousal), and the lowest in the group with elicited sadness (low pleasure and low arousal). As in the present study, this relationship was not observed in the reaction time data. The different effects for low and high arousal stimuli could be interpreted in terms of motivational processes (c.f., Gable and Harmon-Jones 2010). Low arousal stimuli could lower motivation intensity, therefore making it desirable for compliance with the task 'Yes' answer less salient, thus reducing interference in this category of trials.
I believe that the current findings could shed new light on the activation mechanisms underlying cognitive and interference control. As a recent study using the same methodology has shown, the effect is not limited to cognitive control, but also shapes global vs. local cognitive scope preference (c.f., Brunyé et al. 2009 ). Altogether, the findings presented in this article suggest that the arousal level of words read influences immediately following spatial interference control. The material used to manipulate arousal level was carefully chosen and controlled for other important factors such as valence, subjective significance, concreteness, frequency and length. The novelty of results presented was that the quadratic relationship was found to be crucial for the understanding of arousal/ energy consequences for cognition. Although this expectation was introduced by Yerkes and Dodson (1908) . modern studies concerning consequences of arousal mostly focus on only two instead of three levels of arousal (e.g., Kuhbandner and Zehetleitner 2011; Van Steenbergen et al. 2010) . thus, Fig. 3 Interference effect index calculated for response accuracy for groups of words differing according to arousal load. Lowest and highest values = major interference; 0 = no interference. Error bars represent SEM research sometimes does not discover all arousal effects. From a theoretical point of view, it was possible to demonstrate no arousal effects when two chosen points of intensity were similar in distance from the optimal level of arousal. Presented results suggested that the quadratic function best represented the relationship between an energetic aspect of mind and performance in the cognitive domain, and at least three levels of arousal should be included in experimental schema in order to not miss it.
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